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Description

[0001] In the processing of digital multimedia data, par-
ticularly video data, compression and the compression
techniques employed offer significant advantages in stor-
age and transmission. MPEG has become the predom-
inant standard in handling such video data. The MPEG
standard defines the structure of a compressed data
stream, referred to as an MPEG data stream, and this
structure imposes several constraints on the storage and
play of video data. Fig. 1 illustrates an example of an
MPEG data stream. In the example of Fig. 1, the video
stream is divided into intra frames I, predictive frames P,
and interpolated frames B. The I frames are a type of
frame commonly referred to as an anchor frame. The P
frames are a type of forward predictive encoded frame
in that P frames are encoded based on a temporally pre-
ceding frame. The B frames are a type of bi-directionally
encoded frame in that B frames are encoded based on
a temporally preceding and succeeding frames. The
frames from one I frame to the next are commonly re-
ferred to as a group of pictures or GOP. While the dis-
cussion of MPEG techniques, prior art systems and the
present invention will use the example of a video stream
divided into frames, it will be understood that the MPEG
standard also provides for structures other than frames,
such as even and odd fields, top and bottom fields, etc.
In this disclosure, the terminology "picture" will be used
as a generic term covering the frame, field, etc. formats.
[0002] Referring again to Fig. 1, I frames are encoded
independent of any other frames in the sequence. Ac-
cordingly, decoding an I frame does not require any other
frame in this sequence. P frames are encoded using mo-
tion estimation, and are dependent on the preceding I or
P frame in the sequence. Accordingly, with P frames,
these frames cannot be decoded without the preceding
I or P frame. B frames are encoded using the I or P frame
preceding the B frame and the I or P frame succeeding
the B frame as indicated by the arrows in Fig. 1. Accord-
ingly, with B frames, these frames cannot be decoded
without the preceding and succeeding I or P frames.
[0003] Fig. 1 illustrates the display order of the frames
in a GOP. However, because of the decoding depend-
ency of P and B frames, the order in which the frames
are presented to the decoder is much different than their
display order. Fig. 2 illustrates both the display and de-
coding orders 202 and 204 of the GOP illustrated in Fig.
1. As shown by the decoding order 204, the frames need-
ed for decoding a subsequent P or B frame, are received
by the decoder prior to receipt of that P or B frame. Typ-
ically, the decoded frames are temporarily stored in a
memory and then read out in the display order 202 for
display.
[0004] Such a system works well for displaying the vid-
eo data in a normal forward play mode, but there are
instances where a user may want to play the video data
in a reverse play mode. As will be appreciated, this adds
a level of complexity in decoding B and P frames. For

example, displaying frame B14 requires decompressing
frames P13 and I16, but decompressing frame P13 re-
quires decompressing frame P10, which requires de-
compressing frame P7, which requires decompressing
frame P4, which requires decompressing frame I1. Thus,
decoding a P frame during the reverse play mode, re-
quires decoding, in a reverse sequence, all the P frames
until an I frame is reached.
[0005] Fig. 3 illustrates a prior art MPEG decoder that
supports a reverse play mode. As shown, an input device
302 stores an MPEG data stream. A decoder 304 de-
codes the compressed data stored in the input device
302. The decoder 304 outputs the decompressed data
in the forward play display order for display on a display
device 306. The decompressed data output from the de-
coder 304 is also stored by a frame buffer memory 308.
During reverse play, the frame buffer memory 308 is ac-
cessed, and the decompressed data is read out in the
reverse display order for display on the display device
306. To permit reverse play as described, the prior art
system of Fig. 3 requires an extremely large frame buffer
memory 308.
[0006] Japanese Patent JP 2000-101969 discloses a
similar system to that discussed above with respect to
Fig. 3. However, in this Japanese patent document, only
the I and P frames are stored in the frame buffer memory
during forward play. During reverse play, the B frames
are decompressed using the stored decompressed I and
P frames, and the decompressed frames are played out
in the reverse play order. As will be appreciated, if the
number of frames in a GOP is large, then the frame buffer
memory must still be quite large to permit reverse play.
[0007] Japanese Patent JP 1997-037209 also disclos-
es a system that supports the reverse play mode. In this
system, only I frames are decoded and displayed in the
reverse play mode. As a result, only partial frames are
played in the reverse play mode, and the quality of the
resulting display is of extremely poor quality.
[0008] Fig. 4 illustrates a block diagram of another prior
art system that supports the reverse play mode. The sys-
tem illustrated in Fig. 4 is based on the disclosure in Jap-
anese Patent JP 1994-033111. As shown, an input de-
vice 402 stores an MPEG data stream. A decoder 404
decodes the compressed data stored in the input device
402. The decoder 404 temporarily stores the decom-
pressed data in a frame memory 406. The decoded
frames are read out from the frame memory 406 in the
display order and displayed on a display device 412. Dur-
ing this forward play mode of operation, the decoded
frames sent to the display device 412 are also received
by an I frame encoder 410. The I frame encoder 410
encodes the decompressed frames in I frame format, and
stores the I frames in a buffer memory 408. During the
reverse play mode, the frames stored in the buffer mem-
ory 408 are read out and decoded by the decoder 404.
The decoded frames, read from the buffer memory 408
in reverse order, are then displayed on a display device
412.
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[0009] As compared to the system illustrated in Fig. 3,
a smaller memory is required because the frames are
stored in a compressed format. On the other hand, more
encoding is required.And, because all of the frames are
re-encoded into I frame format and stored, a significant
amount of memory space is still required for the reverse
play mode. Also, because all compressed I frames must
be decoded again to be displayed, more processing time
is also required.
[0010] U.S. Patent No. 5,742,347 discloses another
system for decoding and displaying an MPEG data
stream in both forward play and reverse play modes. As
disclosed, each decompressed P frame is re-encoded
as an I frame and stored in a secondary storage device.
During reverse play, the secondary storage device is ac-
cessed to decode and display P frames, and is also ac-
cessed to obtain the P frames needed for decoding B
frames. As a result, the need to decode multiple P frames
until an I frame is reached as discussed above with re-
spect to Fig. 3 is not required, and because there is no
motion estimation and compensation required for com-
pressing a single frame into an I frame, the I frame en-
coding is performed efficiently. However, for large GOPs,
this technique still requires a relatively large secondary
storage. Also, I frame encoding is still required, even if
all B frames are not encoded into I frames. Accordingly
a demand to reduce the processing time including the
encoding and decoding time and to make the secondary
storage smaller still exists.
[0011] According to an aspect of the present invention
there is provided a method as claimed in Claim 1.
[0012] According to another aspect of the present in-
vention there is provided a video player as claimed in
Claim 14.
[0013] A method and apparatus for reverse play ac-
cording to the present invention offers a significant re-
duction in the amount of memory space required for per-
forming reverse play of a compressed data stream. In
accordance with the embodiments of the present inven-
tion, a subset of the forward predictive encoded pictures
in the compressed data stream are re-encoded as anchor
pictures after being decoded. Because less than all of
the forward predictive encoded pictures are re-encoded
as anchor pictures, less memory space is required during
the reverse play operation.
[0014] Furthermore, in accordance with principles of
the present invention, temporally adjacent anchor pic-
tures form an independent group within a larger group of
pictures. The independent group is independent in that
the pictures outside that group are not required in order
to perform the decoding operation of the pictures within
the group. As such, less memory space is required during
the decoding operation in order to decode and play the
data in the reverse play mode.
[0015] In generating the re-encoded anchor pictures,
one embodiment of the present invention calls for per-
forming the re-encoding operation separate and apart
from any other operating modes of the invention. How-

ever, another embodiment of the present invention cre-
ates the re-encoded anchor pictures during the forward
play operation. In accordance with another embodiment,
instead of storing each of the decoded pictures needed
for decoding any one of the pictures in the independent
group, only the decoded pictures necessary for decoding
an upcoming picture are stored in memory. This embod-
iment requires less memory space, but also requires de-
coding the same picture more than once during the de-
coding and playback operation.
[0016] According to a further embodiment, a greater
reduction in the memory requirement is achieved by sub-
sampling the decoded, forward predictive encoded pic-
tures being re-encoded as anchor pictures. And in yet
another embodiment of the present invention, the forward
predictive encoded pictures, which do not undergo re-
encoding as anchor pictures, are decoded and re-encod-
ed based on the anchor pictures that precede them in
the reverse play order when displayed in the reverse play
mode.
[0017] The present invention will become more fully
understood from the detailed description given below and
the accompanying drawings, wherein like elements are
represented by like reference numerals, which are given
by way of illustration only and thus are not limitative of
the present invention and wherein:

Fig. 1 illustrates a GOP according to the MPEG
standard;
Fig. 2 illustrates the forward display order and the
forward display decoding order for a GOP according
to the MPEG standard;
Fig. 3 illustrates a block diagram of a prior art system
that supports forward and reverse play modes;
Fig. 4 illustrates another block diagram of a prior art
system that supports forward and reverse play
modes;
Fig. 5 illustrates a block diagram of an architecture
according to the present invention for employing the
method for reverse play according to the present in-
vention;
Fig. 6 illustrates a flowchart showing the decoding
process in the forward play mode according to the
present invention;
Fig. 7A illustrates an MPEG stream at the GOP level;
Fig. 7B illustrates the GOP order in the reverse play
mode, and the pictures within one of the GOP;
Fig. 8 illustrates the P frame re-encoding process
according to a first embodiment of the present inven-
tion;
Fig. 9 illustrates the decoding process for the reverse
play mode according to the first embodiment of the
present invention;
Figs. 10A-10E illustrate an exemplary MPEG data
stream, re-encoded MPEG data stream, reverse dis-
play order, reverse decoding order and frame mem-
ory contents, respectively, for reverse play according
to the first embodiment of the present invention;
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Figs. 11A and 11B illustrate the motion vectors be-
fore and after the decoding operation according to
the first embodiment of the present invention;
Fig. 12 illustrates the re-encoding of P frames as
anchor frames according to a second embodiment
of the present invention;
Figs. 13A and 13B illustrate the reverse play decod-
ing order and frame memory contents, respectively,
for reverse play according to a third embodiment of
the present invention;
Fig. 14 illustrates a block diagram of another embod-
iment of a system architecture according to the
present invention for supporting a fourth embodi-
ment of the method for reverse play according to the
present invention;
Fig. 15 illustrates the re-encoded MPEG stream ac-
cording to the fourth embodiment of the present in-
vention; and
Figs. 16A and 16B illustrate the encoded MPEG data
stream before and after processing according to a
fifth embodiment of the present invention.

[0018] The architecture for implementing the method
for reverse play of an MPEG data stream will be de-
scribed followed by the exemplary embodiments of the
method.

Architecture

[0019] Fig. 5 illustrates a block diagram of the system
architecture for implementing the method for reverse play
of an MPEG data stream according to a preferred em-
bodiment of the present invention. As shown, an input
interface 502 inputs the MPEG data stream, and stores
the MPEG data stream in an input stream buffer 512.
Under the controlled of a controller 506, a video decoder
504 decompresses (i.e., decodes) the MPEG data
stream, and temporarily stores the decompressed data
in a frame memory 514. The controller 506 also controls
a display controller 508 to output the decompressed
frames in a proper display order in either the forward or
reverse display modes. The controller 506 further causes
an I frame encoder 518 to encode selected, decoded P
frames in the frame memory 514 into I frames, which are
then stored in re-encoded stream buffer 516. During the
reverse play mode, the controller 506 controls the video
decoder 504 to decode the I frames stored in the re-
encoded stream buffer 516 as needed for display in the
reverse play mode. The operation of the controller 506
is controlled in part by a user controller 520. Through
user controller 520, a user indicates whether to stop,
pause, forward play or reverse play a MPEG data stream.
[0020] The controller 506 is a conventional microproc-
essor programmed to implement the methodology ac-
cording to the preferred embodiment of the present in-
vention as discussed in greater detail below. The display
controller 508 is any conventional display controller that
reads data from a memory and converts that data to RF

or digital signals for display. The input stream buffer 512,
frame memory 514 and re-encoded stream buffer 516
can be separate memory devices, or can be embodied
as a single memory device that is logically partitioned
into the three different memories. Whether independent
storage devices or a single storage device, the storage
device(s) can be embodied as a conventional RAM,
HDD, flash memory, etc.

Forward Play

[0021] The operation of the system according to the
preferred embodiment of the present invention in the for-
ward play mode will be described with respect to Fig. 6.
As shown, the input interface 502 stores the input MPEG
data stream in the input stream buffer 512 in step S2.
Under the control of the controller 506, the video decoder
504 accesses the frames of compressed data stored in
the input stream buffer 512. The video decoder 504 de-
termines the frame type in step S4. If the frame type is I
frame, the processing proceeds to step S6 wherein the
I frame is decoded in a conventional manner; namely, no
motion compensation is required. Subsequently, in step
S8, the video decoder stores the decoded I frame in the
frame memory 514.
[0022] Returning to step S4, if the video decoder 504
determines the frame is a P frame, in the step S12 the
video decoder 504 references the prior decoded I or P
frame stored in the frame memory 514, and decodes the
P frame in the conventional manner. The decoded P
frame is then stored in the frame memory 514 in step
S14. Returning again to step S4, if the video decoder 504
determines that the frame is a B frame, then in step S16,
the video decoder 504 accesses the temporally preced-
ing and succeeding decompressed I or P frames stored
in the frame memory 514 necessary for decoding the B
frame, and decodes the B frame in the conventional man-
ner. This process continues with subsequently decom-
pressed frames being written over previously decom-
pressed frames that have already been displayed and
are no longer necessary for the decompression process.
[0023] Furthermore, once a sufficient number of
frames have been decompressed and stored in the frame
memory 514, the display controller 508 under the control
of the controller 506 accesses the decompressed frames
in the forward play display order and generates a display
output.

Reverse Play

[0024] Fig. 7A illustrates, at the GOP level, the original
MPEG stream. Fig. 7B shows that in the reverse play
mode, the GOP are read out in reverse order. However,
as further shown in Fig. 7B, while the GOP are accessed
or input in reverse order, the pictures within a GOP are
still in the same decoding order as illustrated in Fig. 2.
Accordingly, in the reverse play mode, the pictures form-
ing a GOP must be decoded in a way to permit reversal
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of the display order of the pictures as compared to the
display order illustrated in Fig. 2.

First Embodiment

[0025] A first embodiment of the method for reverse
play according to the present invention will be described
with respect to Figs. 8 and 9. Fig. 8 illustrates a re-en-
coding process for the reverse play operation, and Fig.
9 illustrates the decoding process for reverse play.
[0026] Fig. 8 includes the same steps illustrated in Fig.
6 except that step S28 has replaced step S16, and new
steps S20, S22, S24 and S26 have been added. Accord-
ingly, like reference numerals have been used to desig-
nate like steps, and the description of these previously
described steps will not be repeated for the sake of brev-
ity. Instead, only the new steps will be described.
[0027] Referring to Fig. 8, after the decoded I frame is
stored in the frame memory 514 in step S8, the encoded
I frame is retained in the input stream buffer S20. Refer-
ring to step S4, if the video decoder 504 determines that
a frame is a B frame, then in step S28, the encoded B
frame is retained in the input stream buffer 512.
[0028] After a decoded P frame is stored in memory
514, the controller 506 in step S22 determines whether
to have this P frame encoded as an I frame. According
to the method of the preferred embodiment of the present
invention, a subset of the decoded P frames, where that
subset includes less than all of the decoded P frames,
are re-encoded as I frames. In an exemplary embodi-
ment, the controller 506 skips, for a GOP, every n P
frames before encoding a P frame, where n is an integer
greater than or equal to 1. For example, with n equal to
1, the controller 506 in step S22 causes every other P
frame to be encoded as an I frame by the I frame encoder
518. If a decoded P frame is not to be re-encoded as an
I frame, then in step S24, the compressed P frame is
retained in the input stream buffer 512. However, if the
controller 506 determines that the P frame is to be re-
encoded as an I frame, then the I frame encoder 518
accesses the decoded P frame from frame memory 514,
re-encodes the decoded P frame as an I frame, and
stores the encoded I frame in the re-encoded stream buff-
er 516 in step S26.
[0029] Fig. 10A illustrates a portion of the MPEG data
stream illustrated in Fig. 1. For this portion of the MPEG
data stream, Fig. 10B illustrates the resulting re-encoded
stream generated as a result of the process shown in
Fig. 8 when the I frame encoder 518 is instructed by the
controller 506 to re-encode every other P frame. Namely,
the re-encoded stream 704 includes I frames I6 and I12
instead of P frames P6 and P12. After the re-encoding
process of Fig. 8 is completed for a GOP, the decoding
process of Fig. 9 is conducted for that GOP. Simultane-
ously, the re-encoding process of Fig. 8 is conducted for
the next GOP. As shown in Fig. 9, in step S30, the con-
troller 506 causes the video decoder 504 to access, in
the reverse display order, temporally adjacent encoded

I frames in the GOP. The video decoder 504 accesses
these I frames from the input stream buffer 512, decodes
the I frames, and stores the decoded I frames in the frame
memory 514.
[0030] The two reverse display order temporally suc-
cessively I frames form an independent small group. Be-
tween the successively decoded I frames are one or more
P frames and four or more B frames. In step S32, the
controller 506 causes the video decoder 504 to decode
each of the P frames in the independent small group. As
is known in the art, decoding P frames and B frames
involves motion compensation based on a motion vector.
These vectors like any vector have both a direction and
a magnitude. During forward play as illustrated in Fig.
11A, the motion vector for a P frame such as P3 is a
forward motion vector pointing to I frame I0, which pre-
cedes the P frame in the display order. However, as
shown in Fig. 11B, in reverse play I frame I0 follows the
P frame P3 in the reverse display order. As a result, that
forward motion vector no longer correctly points to the I
frame I0. Instead, the forward motion vector for P frame
P3 needs to be converted to a backward motion vector
in order to decode the P frame. The same is true of the
forward and backward motion vectors used in the motion
compensation decoding of B frames. (See Figs. 11A and
11B as well). This conversion of motion vectors for the
purposes of reverse play is well known in the art as evi-
denced by U.S. Patent No. 5,739,862, and is knowledge
inherently assumed in the prior art discussed in the Back-
ground of the Invention section of this patent. According-
ly, this motion vector compensation will not be described
in detail for the sake of brevity.
[0031] As discussed above, the P frames in the inde-
pendent small group are decoded in step S32. Figs. 10C-
10E illustrate an example of this process. Fig. 10C illus-
trates the reverse display order of the GOP portion illus-
trated in Fig. 10A. Fig. 10D illustrates the decoding order
of the frames illustrated in Fig. 10C during reverse play
according to this embodiment of the present invention,
and Fig. 10E illustrates the frames of the GOP stored in
the frame memory 514 according to this embodiment. As
shown, according to step S30, the I frames I12 and I6
are decoded and stored in the frame memory 514 to de-
fine an independent small group. Then, according to step
S32, the P frame P9 in the independent small group de-
fined by I frames I12 and I6 is decoded and stored in the
frame memory 514.
[0032] Next, in step S34, the B frames in the independ-
ent small group are decoded. Again, with reference to
the example in Figs. 10C-10E, this involves decoding B
frames B11, B10, B8 and B7 in the independent small
group defined by I frames I12 and I6. Fig. 10D illustrates
the decoding order of these B frames, and Fig. 10E illus-
trates the frames stored in the memory 514 during this
process.
[0033] As is evident from Fig. 10E, not all of the B
frames are stored by the frame memory 514. As will be
discussed in more detail below, during the decoding proc-
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ess of Fig. 9, an overlapping display process is performed
during which the decoded frames are output for display,
and those frames that are no longer required for use in
a decoding process, are overwritten in the decoding proc-
ess.
[0034] Once the B frames are decoded, processing
proceeds to step S36 wherein the controller 506 deter-
mines whether a decoding process for the GOP has been
completed. If the decoding process has been completed,
then in step S38, the decoding process for the next GOP
is initiated, and processing returns to step S30 for the
next GOP. However, if processing of the GOP is not com-
plete, then in step S40, the next I frame in the reverse
display order is decoded to form the next independent
small group. For example, with respect to Fig. 10C-10E,
the next I frame in the reverse display order of this ex-
ample is I frame I0. Accordingly, this I frame is decoded
and stored in the frame memory 10E. Because one in-
dependent small group does not rely upon the other in-
dependent small group in order to perform the decoding
process, the non-overlapping frames in the previous in-
dependent small group no longer need to be stored in
the frame memory 514. As shown in Fig. 10E, only the I
frame I6 overlaps between the two independent small
groups; and therefore, is the only frame remaining in the
frame memory 514 when processing of the next inde-
pendent small group begins.
[0035] After step S40, processing continues at step
S32 for the next independent small group. Figs. 10C-10E
illustrate the display order, decoding order and the
frames stored in the frame memory 514 for this next in-
dependent small group.
[0036] As the frames of a GOP are decoded, the con-
troller 506 controls the display controller 508 to access
the decoded frames from the frame memory 514 and
generate the display output. Specifically, once a frame
has been decoded, the display controller 508 is permitted
to access and generate the display output for that frame.
Furthermore as evidenced by the example shown in Fig.
10E, once a frame has been displayed by the display
controller 508, and if that frame is no longer necessary
for the decoding process, the frame is no longer retained
in the frame memory 514.
[0037] Accordingly, the frame memory space required
for reverse play according to this embodiment of the
present invention is the number of frames required for
decoding a B frame (i.e., two) plus the number of P frames
not encoded into an I frame in an independent small
group plus one B frame.
[0038] Because, according to the preferred embodi-
ment of the present invention, only selected P frames are
decoded and stored as I frames, the method for reverse
play according to the preferred embodiment of the
present invention requires a significantly smaller storage
device. Additionally, because reverse play according to
the present method does not result in skipped frames,
excellent picture quality is achieved in the reverse play
mode as well.

Second Embodiment

[0039] According to the second embodiment of the
method for reverse play according to the present inven-
tion, the re-encoding process of the first embodiment de-
scribed above with respect to Fig. 8 is performed as part
of the decoding operation during the forward play mode
as illustrated in Fig. 6. Namely, as the frames are decod-
ed for forward play, the encoded I and B frames are re-
tained in the input stream buffer 512, and the selected,
decoded P frames are re-encoded as I frames and stored
in the re-encoded stream buffer 516. This combined proc-
ess is illustrated in Fig. 12. Because of each of the steps
in Fig. 12 has been described above with respect to one
of Figs. 6 and 8, a description of these steps will not be
repeated for the sake of brevity.
[0040] Accordingly, in the second embodiment, when
the reverse play mode is selected by the user through
user controller 520, the re-encoding process of the first
embodiment does not need to be performed. Instead, the
reverse play mode begins with the decoding process dis-
cussed above with respect to Fig. 9, and reverse play-
back proceeds as discussed above with respect to the
first embodiment.

Third Embodiment

[0041] The method for reverse play according to the
third embodiment of the present invention is the same
as either the first or second embodiments of the present
invention except that not all of the decoded frames need-
ed for decoding of subsequent P or B frames are stored
in the frame memory 514. As a result, less memory space
is required for reverse play according to this embodiment,
but additional decoding steps are necessary.
[0042] Consider the example portion of a GOP illus-
trated in Fig. 10A and the re-encoding of that GOP portion
as illustrated in the example of Fig. 10B, wherein every
other P frame is re-encoded as an I frame. In this exam-
ple, the reverse display order is shown in Fig. 10C. Ac-
cording to this third embodiment of the present invention,
only the frames necessary for a subsequent decoding
operation are maintained in the frame memory 514.
Therefore, for the example given in Figs. 10A-10C, the
decoding order becomes as shown in Fig. 13A, and the
frames stored during the decoding process of the frame
memory are as shown in Fig. 13B. A comparison of Fig.
13B with Fig. 10E demonstrates that the third embodi-
ment of the present invention requires storing less frames
in the frame memory, but as a comparison of Fig. 13A
with Fig. 10D demonstrates, this third embodiment re-
quires additional decoding operations. Namely, an I
frame picture in the group of pictures is decoded and
stored in the frame memory 514 more than once during
the reverse play of the GOP.
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Fourth Embodiment

[0043] Fig. 14 illustrates a block diagram of another
architecture according to the present invention for imple-
menting the method for reverse play according to the
present invention. As shown, the embodiment of Fig. 14
is the same as that illustrated in Fig. 5 except that an
over-sampling circuit 1002 and a sub-sampling circuit
1004 have been added. The over-sampling circuit 1002
is disposed between the video decoder 504 and the frame
memory 514, and the sub-sampling circuit 1004 is dis-
posed between the frame memory 514 and the I frame
encoder 518.
[0044] According to this embodiment, the P frames
which are selected for re-encoding as I frames undergo
a sub-sampling operation as performed by the sub-sam-
pling circuit 1004. The sub-sampling circuit 1004 can be
embodied as a conventional sampler. As a result of this
sub-sampling operation, a smaller amount of data is re-
encoded and stored in the re-encoded stream buffer 516.
Fig. 15 illustrates the resulting re-encoded MPEG stream
as a result of the sub-sampling operation.
[0045] During the decoding process for reverse play,
the decoded, sub-sampled I frames undergo an over-
sampling operation performed by over-sampling circuit
1002 such that the decoded sub-sampled I frames are
restored to their original size when stored in the frame
memory 514. Having restored these frames to their orig-
inal size permits their use in the subsequent decoding
other B and P frames according to the embodiments of
the present invention discussed above.

Fifth Embodiment

[0046] According to the method of the present inven-
tion, a subset of the P frames in a GOP are re-encoded
as I frames. According to this fifth embodiment of the
present invention, the P frames which do not undergo re-
encoding into I frames are decompressed and re-encod-
ed as P frames; however, the re-encoding is based on
the I frame (including P frames re-encoded as I frames)
or P frame that will precede the P frame in the reverse
display order. With respect to the example GOP portion
illustrated in Fig. 10A, Fig. 16A illustrates that P frames
P9 and P3 are encoded based on I frames I6 and I0,
respectively, when the fifth embodiment of the present
invention is not employed. However, employing the fifth
embodiment causes the P frames P3 and P9 to be de-
compressed and re-encoded based on I frames I6 and
I12, respectively. This greatly simplifies the decoding
process according to the present invention especially
when more than one P frame exists in an independent
small group.
[0047] While the system and method according to the
present invention, and the specific embodiments thereof,
have been described with respect to an MPEG data
stream divided into frames, it should be understood that
the present invention is applicable to any type of picture

such as even and odd fields, top and bottom fields, etc.
Furthermore, while the present invention has been de-
scribed with respect to the MPEG standard, it should also
be understood that the present invention is applicable to
any compressed video data stream encoded using pre-
dictive encoding techniques.
[0048] The invention being thus described, it will be
obvious that the same may be varied in many ways. Such
variations are not to be regarded as a departure from the
scope of the invention, and all such modifications as
would be obvious to one skilled in the art are intended to
be included within the scope of the following claims.

Claims

1. A method of preparing a compressed video stream
for output in reverse temporal order, comprising:

receiving the compressed video stream, which
includes anchor pictures and forward predictive
encoded pictures, the forward predictive encod-
ed pictures being encoded based on a tempo-
rally preceding anchor picture or forward predic-
tive encoded picture; and
decoding (512) the received forward predictive
encoded pictures;
CHARACTERISED BY:

encoding (522, 526) a first subset of the de-
coded forward predictive encoded pictures
as anchor pictures, the first subset including
less than all of the decoded forward predic-
tive encoded pictures.

2. A method according to Claim 1, wherein the encod-
ing steps skips, for a group of pictures, encoding
every n forward predictive encoded pictures, where
n is an integer greater than or equal to one.

3. A method according to Claim 2, wherein the forward
predictive encoded pictures are P frames.

4. A method according to Claim 1, wherein the encod-
ing step is performed during a process to decom-
press and output the compressed video stream for
display in a forward temporal order.

5. A method according to Claim 1, further comprising:

encoding a second subset of the decoded for-
ward predictive encoded pictures as reverse
predictive encoded pictures, the reverse predic-
tive encoded pictures being encoded based on
a temporally preceding, in a reverse play order,
anchor picture or reverse predictive encoded
picture, the first and second subsets being mu-
tually exclusive, and the second subset includ-
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ing less than all of the decoded forward predic-
tive encoded pictures.

6. A method according to Claim 1, wherein the com-
pressed video stream is an MPEG video stream.

7. A method according to Claim 1, further comprising
storing the anchor pictures output from the encoding
step.

8. A method according to Claim 1, further comprising
sub-sampling the decoded forward predictive encod-
ed pictures that are to be encoded prior to the en-
coding step.

9. A method of outputting a compressed video stream
in decompressed form and in reverse temporal or-
der, comprising a method of preparing a compressed
video stream according to any of Claims 1 to 7;
decompressing (530, 532, 534) the compressed vid-
eo stream for output in reverse temporal order using
the anchor pictures output from the encoding step;
and
outputting the decompressed video stream in re-
verse temporal order.

10. A method according to Claim 9, wherein the decod-
ing, encoding and outputting steps are conducted in
parallel for temporally different video data.

11. The method of Claim 9, further comprising:

sub-sampling the decoded forward predictive
encoded pictures that are to be encoded prior
to the encoding step; and wherein
the decompressing step includes over-sampling
the anchor pictures output from the encoding
step prior to decompressing the anchor pictures.

12. A method according to Claim 9, wherein the decom-
pressing step comprises:

decompressing and storing, in a memory (516),
a pair of temporally consecutive anchor pictures;
decompressing and storing, in the memory
(516), each forward predictive picture disposed
temporally between the pair of temporally con-
secutive anchor pictures.

13. A method according to Claim 9, wherein the decom-
pressing step decompresses and stores an anchor
picture in a group of pictures more than one time
during the decompression of the group of pictures.

14. A video player comprising:

an input stream buffer (512) for receiving a com-
pressed video stream, which includes anchor

pictures and forward predictive encoded pic-
tures, the forward predictive encoded pictures
being encoded based on a temporally preceding
anchor picture or forward predictive encoded
picture; and
a video-decoder (504) arranged for decoding
the received forward predictive encoded pic-
tures;
CHARACTERISED BY:

an anchor picture encoder (518) arranged
to encode a first subset of the decoded for-
ward predictive encoded pictures as anchor
pictures, the first subset including less than
all of the decoded forward predictive encod-
ed pictures.

15. A video player according to Claim 14, further com-
prising:

a controller (506) arranged to control the video-
decoder (504) to decompress the compressed
video stream for output in reverse temporal or-
der using the anchor pictures generated in the
transforming process; and
a display controller (508) arranged to output the
decompressed video stream in reverse tempo-
ral order.

Patentansprüche

1. Verfahren zum Vorbereiten eines komprimierten Vi-
deostroms für eine Ausgabe in umgekehrter zeitli-
cher Reihenfolge, das Folgendes umfasst:

das Empfangen des komprimierten Vide-
ostroms, der Ankerbilder und vorwärtsprogno-
stische codierte Bilder einschließt, wobei die
vorwärtsprognostischen codierten Bilder auf der
Grundlage eines zeitlich vorangehenden Anker-
bildes oder vorwärtsprognostischen codierten
Bildes codiert werden, und
das Decodieren (512) der empfangenen vor-
wärtsprognostischen codierten Bilder,
gekennzeichnet durch:

das Codieren (522, 526) einer ersten Teil-
menge der decodierten vorwärtsprognosti-
scben codierten Bilder als Ankerbilder, wo-
bei die erste Teilmenge weniger als alle der
decodierten vorwärtsprognostischen co-
dierten Bilder einschließt.

2. Verfahren nach Anspruch 1, wobei der Codierungs-
schritt, für eine Gruppe von Bildern, das Codieren
jedes n-ten vorwärtsprognostischen codierten Bil-
des überspringt, wobei n eine ganze Zahl, größer
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als oder gleich eins, ist.

3. Verfahren nach Anspruch 2, wobei die vorwärtspro-
gnostischen codierten Bilder P-Frames sind.

4. Verfahren nach Anspruch 1, wobei der Codierungs-
schritt während eines Vorgangs zum Dekomprimie-
ren und Ausgeben des komprimierten Videostroms
für eine Anzeige in einer vorwärtsgerichteten zeitli-
chen Reihenfolge ausgeführt wird.

5. Verfahren nach Anspruch 1, das ferner Folgendes
umfasst:

das Codieren einer ersten Teilmenge der deco-
dierten vorwärtsprognostiscben codierten Bil-
der als umgekehrt prognostische codierte Bil-
der, wobei die umgekehrt prognostischen co-
dierten Bilder auf der Grundlage eines, in einer
Rückwärtswiedergabe-Reihenfolge, zeitlich
vorangehenden Ankerbildes oder umgekehrt
prognostischen codierten Bildes codiert wer-
den, wobei die erste und die zweite Teilmenge
einander wechselseitig ausschließen und die
zweite Teilmenge weniger als alle der decodier-
ten vorwärtsprognostischen codierten Bilder
einschließt.

6. Verfahren nach Anspruch 1, wobei der komprimierte
Videostrom ein MPEG-Videostrom ist.

7. Verfahren nach Anspruch 1, das ferner das Spei-
chern der aus dem Codierungsschritt ausgegebe-
nen Ankerbilder umfasst.

8. Verfahren nach Anspruch 1, das feiner das Sub-
Sampling der decodierten vorwärtsprognostischen
codierten Bilder, die vor dem Codierungsschritt zu
codieren sind, umfasst.

9. Verfahren zum Ausgeben eines komprimierten Vi-
deostroms in dekomprimierter Form und in umge-
kehrter zeitlicher Reihenfolge, das ein Verfahren
zum Vorbereiten eines komprimierten Videostroms
nach einem der Ansprüche 1 bis 7 umfasst,
das Dekomprimierten (530, 532, 534) des kompri-
mierten Videostroms für eine Ausgabe in umgekehr-
ter zeitlicher Reihenfolge unter Verwendung der aus
dem Codierungsschritt ausgegebenen Ankerbilder
und
das Ausgeben des dekomprimierten Videostroms in
umgekehrter zeitlicher Reihenfolge.

10. Verfahren nach Anspruch 9, wobei der Decodie-
rungs-, der Codierungs- und der Ausgabeschritt für
zeitlich unterschiedliche Videodaten parallel durch-
geführt werden.

11. Verfahren nach Anspruch 9, das ferner Folgendes
umfasst:

das Sub-Sampling der decodierten vorwärts-
prognostischen codierten Bilder, die vor dem
Codierungsschritt zu codieren sind, und wobei
der Dekomprimierungsschritt das Over-Sam-
pling der aus dem Codierungsschritt ausgege-
benen Ankerbilder vor dem Dekomprimieren der
Ankerbilder einschließt.

12. Verfahren nach Anspruch 9, wobei der Delcocnpri-
mierurogssclxritt Folgendes umfasst:

das Dekomprimieren und Speichern eines Paa-
res von zeitlich aufeinanderfolgenden Ankerbil-
dern in einem Speicher (516),
das Dekomprimierten und Speichern jedes vor-
wärtsprognostischen codierten Bildes, das zeit-
weilig zwischen dem Paar von zeitlich aufeinan-
derfolgenden Ankerbildern angeordnet ist, in
dem Speicher (516).

13. Verfahren nach Anspruch 9, wobei der Dekompri-
mierungsschritt während des Dekomprimierens der
Gruppe von Bildern ein Ankerbild in einer Gruppe
von Bildern mehr als einmal dekomprimiert und spei-
chert.

14. Videoabspielgerät, das Folgendes umfasst:

einen Eingangsstrompuffer (512) zum Empfan-
gen eines komprimierten Videostroms, der An-
kerbilder und voxvvärtsprognostische codierte
Bilder einschließt, wobei die vorwärtsprognosti-
schen codierten Bilder auf der Grundlage eines
zeitlich vorangehenden Ankerbildes oder vor-
wärtsprognostischen codierten Bildes codiert
werden, und
einen Videodecoder (504), der für das Decodie-
ren der empfangenen vorwärtsprognostischen
codierten Bilder angeordnet ist,
gekennzeichnet durch:

einen Ankerbildcodierer (518), der für das
Codieren einer ersten Teilmenge der deco-
dierten vorwärtsprognostischen codierten
Bilder als Ankerbilder angeordnet ist, wobei
die erste Teilmenge weniger als alle der de-
codierten vorwärtsprognostischen codier-
ten Bilder einschließt.

15. Videoabspielgerät nach Anspruch 14, das ferner
Folgendes umfasst:

ein Steuergerät (506), das zum Steuern des Vi-
deodecoders (504) für das Dekomprimieren des
komprimierten Videostroms für eine Ausgabe in
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umgekehrter zeitlicher Reihenfolge unter Ver-
wendung der aus dem Codierungsschritt aus-
gegebenen Ankerbilder angeordnet ist, und
ein Anzeigesteuergerät (508), das für das Aus-
geben des dekomprimierten Videostroms in um-
gekehrter zeitlicher Reihenfolge angeordnet ist.

Revendications

1. Procédé de préparation d’un flux vidéo comprimé en
vue d’une sortie dans un ordre temporel inverse,
comprenant les étapes ci-dessous :

réception du flux vidéo comprimé, englobant
des images d’ancrage et des images à codage
prédictif vers l’avant, les images à codage pré-
dictif vers l’avant étant codées sur la base d’une
image d’ancrage à précédence temporelle ou
d’une image à codage prédictif vers l’avant ; et
décodage (512) des images à codage prédictif
vers l’avant reçues ;
caractérisé par l’étape ci-dessous :

codage (522, 526) d’un premier sous-en-
semble d’images à codage prédictif vers
l’avant décodées sous forme d’images
d’ancrage, le premier sous-groupe englo-
bant moins de l’ensemble des images à co-
dage prédictif vers l’avant décodées.

2. Procédé selon la revendication 1, dans lequel l’étape
de codage saute, pour un groupe d’images, le co-
dage de chaque n image à codage prédictif vers
l’avant, n étant un nombre entier supérieur ou égal
à un.

3. Procédé selon la revendication 2, dans lequel les
images à codage prédictif vers l’avant sont des tra-
mes P.

4. Procédé selon la revendication 1, dans lequel l’étape
de codage est exécutée au cours d’un processus
destiné à décomprimer et à sortir le flux vidéo com-
primé en vue d’un affichage dans un ordre temporel
vers l’avant.

5. Procédé selon la revendication 1, comprenant en
outre l’étape ci-dessous :

codage d’un deuxième sous-groupe des images
à codage prédictif vers l’avant décodées sous
forme d’images à codage prédictif inverse, les
images à codage prédictif inverse étant codées
sur la base d’une image d’ancrage à précédence
temporelle, dans un ordre de reproduction in-
verse, ou d’une image à codage prédictif inver-
se, les premier et deuxième sous-groupes étant

mutuellement exclusifs, et le deuxième sous-
groupe englobant moins de l’ensemble des ima-
ges à codage prédictif vers l’avant décodées.

6. Procédé selon la revendication 1, dans lequel le flux
vidéo comprimé est un flux vidéo MPEG.

7. Procédé selon la revendication 1, comprenant en
outre l’étape d’enregistrement des images d’ancra-
ge sorties lors de l’étape de codage.

8. Procédé selon la revendication 1, comprenant en
outre l’étape de sous-échantillonnage des images à
codage prédictif vers l’avant décodées, devant être
codées avant l’étape de codage.

9. Procédé de sortie d’un flux vidéo comprimé sous une
forme décomprimée et dans un ordre temporel in-
verse, comprenant un procédé de préparation d’un
flux vidéo comprimé selon l’une quelconque des re-
vendications 1 à 7, comprenant les étapes ci-
dessous :

décompression (530, 532, 534) du flux vidéo
comprimé en vue d’une sortie dans un ordre
temporel inverse en utilisant les images d’an-
crage sorties lors de l’étape de codage ; et
sortie du flux vidéo décomprimé dans un ordre
temporel inverse.

10. Procédé selon la revendication 9, dans lequel les
étapes de décodage, de codage et de sortie sont
exécutées en parallèle pour des données vidéo à
différence temporelle.

11. Procédé selon la revendication 9, comprenant en
outre l’étape ci-dessous :

sous-échantillonnage des images à codage pré-
dictif vers l’avant décodées devant être codées
avant l’étape de codage ; et dans lequel
l’étape de décompression englobe un suréchan-
tillonnage des images d’ancrage sorties lors de
l’étape de codage avant la décompression des
images d’ancrage.

12. Procédé selon la revendication 9, dans lequel l’étape
de décompression comprend les étapes ci-
dessous :

décompression et enregistrement, dans une
mémoire (516), d’une paire d’images d’ancrage
consécutives dans le temps ;
décompression et enregistrement, dans la mé-
moire (516), de chaque image à codage prédictif
vers l’avant, disposée temporairement entre la
paire d’images d’ancrage consécutives dans le
temps.
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13. Procédé selon la revendication 9, dans lequel l’étape
de décompression assure la décompression et l’en-
registrement d’une image d’ancrage dans un groupe
d’images, à plus d’une reprise, au cours de la dé-
compression du groupe d’images.

14. Lecteur vidéo, comprenant :

un tampon du flux d’entrée (512), pour recevoir
un flux vidéo comprimé, englobant des images
d’ancrage et des images à codage prédictif vers
l’avant, les images à codage prédictif vers
l’avant étant codées sur la base d’une image
d’ancrage à précédence temporaire ou d’une
image à codage prédictif vers l’avant ; et
un décodeur vidéo (504) destiné à décoder les
images à codage prédictif vers l’avant reçues ;
caractérisé par :

un codeur des images d’ancrage (518),
destiné à coder un premier sous-groupe
des images à codage prédictif vers l’avant
décodées sous forme d’images d’ancrage,
le premier sous-groupe englobant moins de
l’ensemble des images à codage prédictif
vers l’avant décodées.

15. Lecteur vidéo selon la revendication 14, comprenant
en outre :

un contrôleur (506), destiné à contrôler le déco-
deur vidéo (504) pour décomprimer le flux vidéo
comprimé en vue d’une sortie dans un ordre
temporel inverse en utilisant les images d’an-
crage produites lors du processus de
transformation ; et
un contrôleur d’affichage (508) destiné à sortir
le flux vidéo décomprimé dans un ordre tempo-
rel inverse.
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